1. Local recruitment and immigration play an important part in the dynamics and growth of animal populations. However, their estimation and incorporation into open population models is, in most cases, problematic. We studied factors affecting the growth of a recently established colony of Eurasian spoonbill (Platalea leucorodia) and assessed the contribution of local recruits, i.e. birds born in the colony, and immigrants, i.e. birds of unknown origin, to colony growth.
underlying the recruitment of new breeders into a population (Oro & Pradel, 1999; Oro & Ruxton, 2001) . New breeders can be either born in the same population, i.e. local recruits, or not, i.e. immigrants, and they can play a major role in the growth and dynamics of colonies, and more generally, of populations and metapopulations (e.g. Santoro, Green, & Figuerola, 2016; Schaub, Jakober, & Stauber, 2013; Szostek, Schaub, & Becker, 2014) . Population growth rate in long-lived species is mostly affected by a change in survival rate, although retrospective analysis showed that population changes are largely driven by recruitment (Gaillard, Festa-Bianchet, & Yoccoz, 1998; Tavecchia et al., 2016) . Despite the amount of empirical data available, there are still gaps in the understanding of the mechanisms underlying the fast population growth that often occurs in newly established populations (Santoro et al., 2016) and of the factors affecting immigration at the population level related to settlement decision (Szostek et al., 2014) .
Different cues can be used by individuals to derive reliable information on habitat quality and thus choose their breeding site, and several hypotheses regarding settlement decision have been formulated. According to the 'public information' theory, information on the quality of an environmental resource is gathered by monitoring the behaviour of other individuals (Valone, 1989 (Valone, , 2007 Valone & Templeton, 2002) , such as individual breeding success ('performance-based attraction' hypothesis; Danchin & Wagner, 1997) . The selection of the breeding colony where to recruit should thus be related to the breeding success of the previous year observed by prospectors (Boulinier & Danchin, 1997; Boulinier, Danchin, Monnat, Doutrelant, & Cadiou, 1996) . Observational and experimental evidence on colonial breeders supports the performance-based attraction hypothesis (e.g. Aparicio, Bonal, & Muñoz, 2007; Boulinier, McCoy, Yoccoz, Gasparini, & Tveraa, 2008; Brown, Brown, Bomberger, & Danchin, 2000; Danchin, Boulinier, & Massot, 1998; Serrano, Forero, Donázar, & Tella, 2004) .
The selection of the breeding colony may also be based on the presence and abundance of conspecifics ('conspecific attraction' hypothesis; Stamps, 1988) . Colony size can be taken as an indication of habitat quality and, as consequence, large colonies would be more attractive than smaller ones (Szostek et al., 2014) . However, beyond a certain threshold of breeders' density, site attractiveness for potential new recruits may be reduced by density-dependent effects (e.g. Tavecchia, Pradel, Genovart, & Oro, 2007) .
In this study, we analysed the role of immigration in driving the growth of a Eurasian spoonbill (Platalea leucorodia) colony monitored from its establishment, and studied causes affecting settlement decision of immigrants. Specifically, we examined (1) to what extent the variation of demographic rates (fecundity, survival, local recruitment and immigration) contributed to the variation in colony growth, and (2) how much immigrants were influenced by fecundity in the previous year (as indicator of performance-based attraction) and colony size in the previous and current year (conspecific attraction). We also tested whether the number of immigrants in the Italian population was related to the fluctuation in the number of breeding pairs of some potential source populations in central-eastern Europe.
We used integrated population models (IPMs; e.g. ) to separate estimates of local recruitment and immigration. We also embedded a multievent capture-recapture model into the IPM to account for uncertainty in the breeding state assignment. The IPM framework combines information from different sources and of different type into a unified analytical framework delivering an increased precision on consensual estimates (Besbeas, Freeman, Morgan, & Catchpole, 2002) . Because IPMs allow the estimation of latent demographic parameters for which no data are available (Tavecchia, Besbeas, Coulson, Morgan & Clutton-Brock, 2009 ), they provide an analytical framework for the estimation of immigration rate (Abadi, Gimenez, Ullrich, Arlettaz, & Schaub, 2010) .
| MATERIALS AND METHODS

| Study population and data collection
The Eurasian spoonbill is a migratory species that breeds in Europe with two distinct populations, along the Atlantic coast and in the southeastern countries (Pigniczki & Végvári, 2015) . Spoonbills began to breed in Italy for the first time in 1989 in the Comacchio lagoon within the Regional Park of the Po delta (Volponi, Emiliani, & Fasola, 2008) . Up to 2011, the southern Po delta was the only regular breeding site of the (Table S1 in Appendix S1). Birds were detected both in the colony and surrounding wetlands at a maximum distance of about 60 km from the colony. Individuals were assumed to be breeding when observed incubating eggs or caring for the chicks. Birds seen in wetlands beyond 25 km from the colony (Schneider-Jacoby et al., 2002) , and never seen in the colony during the breeding period, were assumed to be non-breeding. Breeding state was not ascertained for birds seen in the colony and/or surrounding wetlands (within 25 km from the colony) but not seen incubating eggs or caring for chicks. During the period 1991-1994, no resightings were achieved due to the low number of birds marked with colour rings (Table S1 in Appendix S1). A variable number of broods were monitored each year (range 0-177, median 41) for which the number of fledglings was recorded. We included records of 1,147 broods that produced 1,921 fledglings.
| The integrated population model
We combined and simultaneously analysed the three datasets, namely surveys, individual encounter histories and fertility data (average output per breeding pair) into an IPM (e.g. Besbeas et al., 2002; Szostek et al., 2014) to obtain consensual estimates of demographic rates and population sizes. This framework is particularly suited for the analysis of population dynamics and the estimation of immigration Schaub & Fletcher, 2015) , with inference based on a joint likelihood derived by the multiplication of the likelihoods for the datasets considered (e.g. Tavecchia et al., 2009 ).
Population count data were modelled with a state-space approach in which the observation process is conditional on the state process (De Valpine & Hastings, 2002) . The state process describes changes in population size over time as a function of demographic rates by means of a population projection model. We used a female-based, pre-breeding census model with seven stages defined by the combination of individual age and breeding status. Three stages were defined for individuals that had never reproduced (1-, 2-and 3-year-old or older pre-breeders), two stages for breeders (i.e. individuals that have bred at least once; 2-and 3-year-old or older), one stage for non-breeders, and another one for immigrants. Changes in the stage-specific population sizes between year t and t + 1 were stochastically modelled with Binomial and Poisson processes (Appendix S1: Equations S1-S17).
Specifically, the number of immigrants in year t was
where ω t is the expected number of immigrants in year t (Schaub et al., 2013) . The model was formulated with the following assumptions: (1) an even sex-ratio of fledglings (unpublished data, see Appendix S1), (2) individuals can start breeding for the first time at 2 years of age (the earliest age at which a breeder was recorded at the study colony), (3) all immigrants are 3 years old or older. The latter assumption is based on the mean age of first reproduction in spoonbills (3 years old; Lok, Overdijk, Horn & Piersma, 2009 ). Stage-specific probabilities were defined for apparent survival (for juveniles ϕ 0 , pre-breeders ϕ PB , breeders ϕ B and non-breeders ϕ NB ) and first reproduction (at 2 years of age α a2 , 3 years of age α a3 , or older α a4 ). We also defined the probability of breeding after a breeding event (ψ B→B ) and the probability of breeding after a non-breeding event (ψ NB→B ). Note that 1−ψ B→B is the probability to skip reproduction after a breeding event (Appendix S1: Equations S1-S17). In the observation model, we described the relationship between counts of breeding females (y t ) and colony size using a Poisson model (Appendix S1: Equation S18).
Individual encounter histories were modelled using a multievent capture-recapture model (Pradel, 2005) to account for the uncertain determination of the reproductive status (Appendix S1: Equations S19 and S20). Reproductive success data were modelled through a Poisson process (Appendix S1: Equation S21). A hierarchical formulation of the IPM was used to estimate the temporal random variation in fecundity (b), survival rates (ϕ), probabilities of first reproduction (α) and immigration (ω). Annual estimates were thought to originate from a random process with a common mean (μ) and a constant temporal variance
) with an additional variance-covariance matrix that accounts for temporal correlation among the parameters (Appendix S1: Equations S22-S31). Immigration was thus modelled as temporally correlated with the other demographic rates.
| Model implementation
The IPM was fitted using a Bayesian formulation and the Markov chain Monte Carlo framework. We used non-informative prior distributions for all parameters (see model code in Appendix S1 for further details). Summaries of the posterior distribution were calculated from 21,000 posterior samples (burn-in = 50,000 iterations). The R diagnostics (Brooks & Gelman, 1998) used to assess convergence was < 1.02 for all parameters. We refer to Appendix S1 for details about goodness-of-fit test of IPMs. Models were implemented using the program JAGS (Plummer, 2003) executed from R (R Core Team, 2012).
| Demographic influence on colony growth
The contribution of demographic processes to colony growth was evaluated by comparing the temporal variation of the demographic rates and the variation in colony growth rate. Correlations were calculated under consideration of the uncertainty in parameter estimates. We thus used posterior sample for the correlated parameters and derived the 95% credible interval (95% CRI) of correlation coefficients, r, and the probability that r was positive. By separating sampling variation and process (co)variation within the IPM and by adopting a Bayesian framework, correlations are expected to be free from possible bias related to the observation process and were calculated under full consideration of the uncertainty related to parameter estimates (Schaub et al., 2013) . In our state-space formulation, where process and sampling variance are separated, temporal variability of demographic rates describes the variability of the state process. The degree of correlation between demographic rates and colony growth rate therefore indicates the strength of influence of the temporal variation in demographic parameters to the temporal variation of population growth. In addition to the probability of first reproduction, fecundity and apparent survival, we considered immigration rate, i.e. the ratio of the number of immigrants and population size of the previous year, and local recruitment rate, i.e. a function of juvenile and pre-breeding apparent survival, productivity and probability of first reproduction (see Equations S35 and S36 in Appendix S1
for details about rate calculation).
| Performance-based versus conspecific attraction
We measured the degree of support for the performance-based attraction hypothesis by correlating the number of immigrants to fecundity (estimated number of fledglings per breeding pair) of the previous year.
A positive relationship with fecundity would support the hypothesis that immigrants would be able to use information derived from the performance of conspecifics (public information) to select the settlement colony, by gauging breeding conditions of the previous year as prospectors. Conspecific attraction, and thus preference to settle in a larger colony, was evaluated by correlating the number of immigrants to colony size of the previous year and current year (excluding immigrants), depending on whether individuals gather this information as prospectors or in the year of first breeding in the Italian colony respectively.
| Immigrants and dynamics of potential source populations
We explored the possible connection between potential source populations and the Italian population by using the number of breeding pairs counted in Croatia (Mikuška, Mikuska, Nenad, Šetina, & Milivoj, 2015) and Hungary (Bankovics, Győry, & Sterbetz, 1990; Magyar, Hadarics, Waliczky, Schmidt, & Nagy, 1998; Pigniczki & Végvári, 2015; Waliczky, 1991) 
| RESULTS
The studied colony grew from an estimated minimum of 17 pairs Table S1 in Appendix S2). The mean point estimate for the probability of breeding after a breeding event (ψ B→B = 0.491, 0.358−0.652) was higher than the probability of breeding after a non-breeding event Demographic rates were all weakly correlated and 95% CRI for correlation coefficients always encompassed zero (Table S2 in Appendix S2).
| Demographic influence on colony growth
Among all demographic rates, only immigration was positively correlated with population growth rate (r = 0.84, p(r > 0) = 1) whereas correlation with other demographic rates was weak or very weak, with all 95% CRIs of the correlation coefficients encompassing zero (Table 1) .
| Performance-based versus conspecific attraction
The number of immigrants in year t was not significantly correlated with fecundity at t − 1 (r = 0.25, p(r > 0) = 0.90; Figure 3a) . On the contrary, the number of immigrants at t was positively and strongly correlated with colony size at t − 1 and colony size without immigrants at t (r = 0.51, p(r > 0) = 1.00 and r = 0.55, p(r > 0) = 1.00, respectively; Figure 3b ,c).
| Immigrants and dynamics of potential source populations
The number of immigrants in year t was not significantly correlated with a change in the number of breeding pairs between year t and Table S3 and Figure S1 in Appendix S2).
| DISCUSSION
Following a colony from its establishment offers the unique opportunity to assess the factor influencing the exponential phase of population growth. We analysed factors affecting the growth of a waterbird colony in the two decades following its formation and factors affecting settlement decision of immigrants. Demographic rates, including immigration and local recruitment, were estimated by integrating data from population count, fecundity and capture-mark-recapture/ F I G U R E 1 Estimated and observed year-specific colony size (red) and estimated number of immigrants (blue) and local recruits (green) of Eurasian spoonbills in the Italian colony. The colour-shaded areas represent the 95% credible interval for the estimates [Colour figure can be viewed at wileyonlinelibrary.com] resighting, using an IPM framework. Demographic rates did not show a particular trend during the study period and apparent survival and fecundity estimates in the study colony were similar to values reported for other well-established colonies of Eurasian spoonbill (Bauchau, Horn, & Overdijk, 1998; Lok et al., 2009; Lok, Overdijk, Tinbergen, & Piersma, 2013) . Estimates of non-breeding survival, as well as separate estimates of immigration and local recruitment, are not available for any other population of the study species . Breeding propensity, i.e. the complementary of the probability to skip breeding, estimated for the Italian colony (0.491, 0.358−0.652) was lower than the values derived for the Dutch population (0.85 and 0.94, for long and short distance migrants respectively; Lok, 2013) . This low value might be due to the limited number of nesting sites in our study area with suitable vegetation structure and low predator pressure. 
We found that the total number of recruits, i.e. both local recruits and immigrants, mainly consisted of immigrants. Moreover, immigration was positively related to colony size. This positive density-dependent effect is likely to result from the positive behavioural response to the number of spoonbills ('conspecific attraction' hypothesis, see below).
| Demographic influence on colony growth
Our results suggest that immigration was the main driver of colony growth, whereas other demographic processes, including local recruitment, were less important in influencing colony dynamics. Several studies have recently shown that temporal variation of immigration is related to variation in population growth rate, and that immigration can play a major role in population growth and dynamics (Ledwoń, Betleja, Stawarczyk, & Neubauer, 2014; Santoro et al., 2016; Schaub et al., 2013; Szostek et al., 2014; Tavecchia et al., 2016) . Typically, the growth rate of long-lived bird populations was thought to be mostly affected by adult survival (Saether & Bakke, 2000) , but evidence has been accumulating about the importance of immigration in local population dynamics. In the case of colonial species, there is a prevalence of studies on seabirds that showed the relevant demographic role of immigration (but see Santoro et al., 2016; Serrano et al., 2004) . The fast growth of the newly established colony in Italy might be the result of range expansion of the species (Phillips, 2009; Wynn, Josey, Martin, Johns, & Yésou, 2007) . Under range expansion, new colonies grow by attracting floaters that settle on suitable, unexploited habitats with low levels of competition (Oro & Ruxton, 2001; Porter & Coulson, 1987) , or by attracting both local and non-local recruiters dispersing from other colonies (Santoro et al., 2016) . colony growth rate, as well as the marked inter-annual variability in immigration rates were also reported for other colonial waterbirds (e.g. Oro & Ruxton, 2001; Szostek et al., 2014) . The number of immigrants that affected dynamics of the study colony may be related to productivity in source populations (Schaub et al., 2013) suggesting a metapopulation functioning of the species (Hanski, 1998) . Demographic performance of the source populations, likely located in continental sites of the Danube Basin and the Balkans (Volponi et al., 2008) , may thus explain part of the temporal variability in immigration rates. Population fluctuations in potential source colonies may be affected by drought events (Pigniczki & Végvári, 2015) , prompting individuals to disperse and potentially augmenting the number of immigrants that settle in the Italian colony. Nevertheless, we found no support for a relationship between immigration and the reduction in the number of breeding pairs in Croatia and Hungary. To this end, the extension and application of the current framework to data from potentially interconnected colonies would allow to address questions about the meta-population dynamics of the species and test the connection between populations.
| Performance-based versus conspecific attraction
We found no support for a relationship between the number of immigrants and fecundity in the previous breeding season, thus rejecting the 'performance-based attraction' hypothesis for our colony. This result is
in agreement with what found in the common tern (Szostek et al., 2014) and another Threskiornithidae, the glossy ibis (Santoro et al., 2016) .
Theory for use of public information implies the assumption that patch quality must be autocorrelated between years (Danchin et al., 1998) . In our case, fecundity may not be a reliable indicator of breeding site quality due to its high temporal variability (σ b = 0.380, 0.268−0.542; Figure 2h ).
The positive correlations between the number of immigrants and colony size in the previous and current year, the latter excluding immigrants, provide evidence for the conspecific attraction hypothesis.
Settlement decision may thus be affected by abundance of conspecifics as a larger colony may result in a higher chance to find mates in addition to be indicative of habitat quality (Serrano et al., 2004; Szostek et al., 2014) . In our case, individuals may use the number of conspecifics to decide where to settle by estimating colony size both in the previous year, when prospecting, or in the current year, when returning from the wintering quarters (Serrano et al., 2004) . Interestingly, no support for the conspecific attraction hypothesis was found in the glossy ibis, another Threskiornithidae studied in a newly established and fast growing population (Santoro et al., 2016 ).
In conclusion, we showed that immigration, not local recruitment, drove the growth of a recently established waterbird colony and brought evidence for conspecific attraction as a factor affecting settlement decision of immigrants.
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